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* More toxic than PM, .

» Can cross cell membranes and move into the circulatory system, brain, and other organs
» Adverse health effects (e.g. stroke, systemic inflammation, and asthma exacerbation)

* Suspected as one of the causative pollutants in near-traffic epidemiology studies
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Size Distribution - Long Beach Morning -
October, 2002

» Counting Particles

« Full/Partial Size Distributions
« Semi-continuous (some) but expensive

Q
2
=
2
E
=
=

» Total Particle
* “Easy” continuous measurements with CPCs e —
* Lower size varies with CPC type/model 100 nm 150 nm 180 nim
» Upper size cut selection

« Water- vs. Butanol-CPCs = Adeacio:n

. i Average Size Distribution - Riverside May 2001
« Potential composition effects (6AM-10AM)
» Single counting vs. photometric modes i

* \olatile vs. non-volatile particles ol Number
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« Condensation Particle Counters (CPCs)($12K-$30K)
« Particle number only
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« Scanning Mobility Particle Sizers (up to $70K)
» Full size distributions
* Number and mass (w/ assumptions)
 Semi-continuous

 Others
« Fast Mobility Particle Sizer (up to $120K)
« Filter-based techniques with inlet ($5K-$25K)




Table 1: CPC Specification Comparison

8525 3007 3783 3772 3787 3775 3790 3776 3788
e 0 (B8 | =1l we =5 | B
Specifications & N ll' : o l | . -y - - |
2 \\_..r:' Ir." - -—'l L e _' - |' B — -
-l = —_ " ol .
D¢y Min. Size (nm) 20 10 T 10 5 4 20 2.5 2.5
Max. C trati H
ax. Concenfration | - 50 | 100,000 | 1,000,000 | 10000 | 250000 | 2999 | 10,000 | 300,000 | 400000
(particles/em’) <10
Concentration NIA +20 10 10 10 =10 +10 +10 +10
Accuracy (%) - - N - +20 - - -
Response - T95 (=) -3 <~3 <3 -3 0.7 -4 ~3 ~-0.8 ~0.25
Sample Flow (LPM) 01 0.1 0.12 1.0 0.6 0.3 1.0 0.05 0.3
Total Inlet Flow 0.7 0.7 06/1.5 1.0 0.6/1.5 0.3/1.5 1.0 0.3M1.5 0.6/1.5
Flow Source Internal Internal External External | Intemnal Internal | External Internal Internal
Working Fluid |!sopropanolllsopropanol Water Butanol Walter Butanol Butanol Butanol VWater
Weiaht 1.7 kg 1.7 kg 9.9 kg 5.59Kkg 8.2kg 2.9 kg 5.9 kg 9.9 kg 5.2 ko
g (3.8 Ibs) (3.8 Ibs) (22 Ibs) {12 Ibs) | (18 1bs) (22 Ibs) {12 Ibs) (22 Ibs) {18 Ibs)
Displa Digital Digital Touch Digital Touch LCD Digital LCD Touch
play LCD LCD w/graph LCD wigraph | w/araph LCD w/graph | w/graph
Data Logging/ On- On- Flash N/A Flash Memory N/A Memaory Flash
Storage board board drive drive Card Card drive
SMPS Compatibility Mo Mo No Yes Yes Yes No Yes Yes
Price $ 4 $3 $% 59 338 5559 3383 3559




Condensation Particle Counters

8} KANOMAX

The Ultimate Measurements

brii

aerosol solutions

GRIMM




= CPC‘(f‘omparmy |

MOTIVATIONS
» Little information regarding response differences among different W-CPC models
OBJECTIVES
« Evaluate TSI 3783 model performance (promoted as suitable for network operation)
» Compare with other TSI W-CPC models
METHODS
» TSI models 3781, 3783, and 3785 (three units per model) run side-by-side 15m East of the
1-710 (high HDDT volume) from May 16t to June 15, 2011
» Size distribution (SMPSs) and meteo data

Monitoring
Station




" CPC Comparison Stuc

Specifications

Model 3781

Model 3783

Model 3785

Detectable Particle Diameter Ranges
Time Resolution

Maximum Detectable Particle Concentrations (¢m)

Particle Counting Errors

Aerosol Flow Rates (L/min)
Inlet Flow Rates (L/min)

6 nmto3 pm
1 min
5§x10°

+10 %
at 5%X10° ecm™

0.12+0.012
0.6£0.12

Tnmto3 pumn
1 min
1x 108

+10%
at 1x10% ¢m

0.12+0.012
3+0.3

Snmto3 pm
1 min
1 x 107

+10 %
at 2x10% em™?

1.0£0.1
1.035
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« CalTrans Performance Measurement System (PeMS): Gasoline vs. HDDV (18% of total traffic)
* Morning/afternoon rush hours: up to 1200 vehicles per 5 min
* Nighttime: 150 vehicles per 5 min

« Challenging environment: high UFP and BC concentrations



Ultrafine Particle Number Concentrations (cm's)
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3781a 3781b 3781c 3783a 3783b 3783c 3785a 3785b 37850

Model 3781

Model 3783
Tested CPC instruments

Model 3785

Direction

' 60,000to0
:L 95,000 #/cm3¢

s | ~8000 #cm? |

===t ~25,0000#/ cm? :



Effect of Averaging Time

TS13781 vs. 3783 TS13783 vs. 3785 TS13785 vs. 3781
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Intra-model Correlations
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-Mmin averages

Low (10% - 10* cm™)

15

-min averages

Moderate (10* - 10° cm™)
3783: Particle Number Concentrations (cm‘a)

15

-min averages
(10° - 3x10° cm™)

3783: Particle Number Concentrations (cm

h

High

15
H

-
L
+
TS

=]
@
+
w

Particle Number Concentrations (cm‘S)
'S @
o [
+ +
w w

2e+3

3783

B o o] -
[ [ (] (]
+ + + +
~ = IS &

[
@
+
~

-3

3.0e+b

2.5e+5

2.0e+5

3781: Particle Number Concentrations (cm™>)

TS13781 vs. 3783

2e+3 de+3 6Be+3  Be+d le+4
3781: Particle Number Concentrations (cm‘a)

2e+4  4e+d4  Be+d 8e+d 1e+5
3781: Particle Number Concentrations (cm'a)

1.5e+5

1.0e+5

293 % 18864
R’ =061

1.0e+5 15e+5 20e+b 25e+b 3.0e+

Inter-model Correlations

TS13783 vs. 3785

3785: Particle Number Concentrations (cm’

-3

R¥£096

2e+3 4e+3 Ge+3  Be+3d le+4
3783: Particle Number Concentrations (cm'3)

3785: Particle Number Concentrations (cm

)

4785 Particle Number Concentrations (cm

2e+4  de+d  Be+d Be+4  le+S
3783: Particle Number Concentrations (cm'3)

1.0e+5 1.5e+5 2.0e+5 25e+5 3.0e+

3783: Particle Number Concentrations (cm'a)

1as)

TSI13785 vs. 3781

-
@
+
FS

T20.08

3781: Particle Number Concentrations (cm's)

3785: Particle Number Concentrations (cm

2e+3 4e+3 6e+3 B8e+3 le+4
.3)

3781: Particle Number Concentrations (cm'3]

) =0.775x + 4626
P R*=0.92

2e+4  4de+4  Ge+d Betd le+s

3785: Particle Number Concentrations (cm'3)

©3781: Particle Number Concentrations (cm 3

}’;0.687x+20164//
CRI=066

1.0e+5 1.5e+5 20e+5 25e+5 3.0e+5

3785: Particle Number Concentrations (cm™)




Coefficients of Divergence
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* Intra-model variability was small but not negligible

* Intra- and inter-model correlations worsened under downwind conditions (i.e. elevated
particle number levels) and improved with increasing averaging time

» Model 3781 recorded the lowest number concentrations (particles with CMD < 45 nm were
underestimated)

» Model 3783 recorded the highest number concentrations, especially under downwind
conditions

» Model 3783 (designed for long-term monitoring) provided relatively consistent data over
one-month

* A long-term evaluation of model 3783 is underway



